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COMPLETE SPECIFICATION 

Improvements in or relating to Thermo-couples made with 
Thermo-electric Alloys 



We, AmEBOL&^T kakihaLj HaDsta- 
hamttng, Sweden, a corpotxiaon dory orgar 
Efagj existtag under the laws of the 
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Kingdom of Sweden, do hereby dedaie the 
hnentum, for which to pray Aar aptfeot 
may be granted to m? and the method^ by 
whLh it Is to be pettem* to be paroco- 
lsffy described to and by the foHawmg state- 
ment:—* _ 

This ia*ention refctesto a tbsnn^-coojfc, 
cue leg of "which is formed fieom i tbexmo- 
dectdc alley which is p ardcnlarfr ctqMc 
to use cc Tery ekptcd iwmici^iiit^ roa 
sstt of an mmrmettffic cc*apdskion 



4*. 6d] 



stwtzne of die molybdenum disflitia^ which 
is nonnafly of the C U kttlce type, becomes 
entirely converted into die C 40 la tti ce or 
chrantimn ritfrf^ type. This modification of 
the crystal stractmc vxrm&n&f results in 
the prodocnon of a re>osftWaft> theimchckc- 
tric efiect by the alloy nsed sccordmg to the 
invention, is compared with, poor 
to 




It is known OJctL *&J^J& 
MoSi erh&its * meono-electoe efect wtfun 

m that of OTpet It is therefore known _t> 
us* die higwy ^^tnwjgflriadt molyb- 
denum dSSde « a. fti »• 
afaft fcnew d (British Patent Specification ^Nob 
739,693) that molybdenmn d&lkide with 30 
—40% of Si nod certain other coneoawnts 

ments ■» titanhrm sflHade* tungsten riBdde, 
chromium s&ddc, aliiminftim m if* 31 ™ 
oxide, tlimlum oakfc arconium oxkk, mid 
d&on carbide- Fatthermate, it » known that 
tip to 25% of the sEoon afijmsofihe molyb- 
den um nay he Buhsrinflcd by 

bo ^he«S^eto 

the kg of the thermeMtftmle of the pcesent 
invention is dfcribgoidied from men pro- 
▼ioosly vised alloys in dot it is ft tnolyb- 
aenmn dafidde alloy, wheacta 20— 60 peg- 
cenr of the suicon atoirc* have been srosti - 
tnted by atoms of almnmwOT. The crystal 



and scs&tanee <o diet iiui tin w li By 1 
of the Al^^i li if j yarfltftonfr ttn. the Thermo*" 
electric e ff e ct may be obtained which w got 
necessarily accompanied by-acrioos demiot ar 
teon of 'die ircghftnic&l or chemical 
ties. In this respect ^the alloys 

the pt ffyp^ piycTTlTflii so 
from ihe preraoosly koown Oemio<fectrie 
inolybdennm tiEddt base alloys* A <henno- 
oonpfe accoidtng v> the indention, whkh k 
sohohfe to use at ekvs&ed tooDpesinizes in 

- ..J * ^* * * jLha juumMMAM Ail 

fYlTTH tRfTT<y Hi TIMIM rqp yi^g L Ifnl r LlfHIUl Lrn T 

least one teg wfafch contains t ti teuux^clouJ g 
aHoy is described above* Rcetoahly, soch a. 
thetmc-conple has & poeznye leg coribnnjng 

■- jt - t - k ^ leg contehnog 



An alloy is described in 
Specification No. 731,615 to use as a tiA 
tt ft omg at n t e ete c rrfc a l reristmcfi which has the 
weight composition; molybdenum 50—84%, 
silicon 15—48%, and ramntfum l~j3%. 
Tins lOoy has not hitherto been known to 
have any thernicetectric properties. 

The thetmo-electric afloy need 
to die invention may also* 
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other i net aks ix which case np 
uo a mssunomoE 50 per cent of the molybde- 
num atoms are sabsittated oyatoina of one 
or more of die metals 1% Zr, Hf, To, Kb, V, 
V und Ct Thtts, the cc^np odrjon of these 
alloys may be written; — 
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(AiOwM,) QSk-M3* wherein 0a<x<O6 
and 0<y<Q*5 and M is one or more of the 
other metals specified. 
The legs containing the thenno-ekcapc 

5 allay of theimo-couples according to the in- 
vention are preferably made by a powder 
metallurgy process by smi mip; after sdrm*- 
tcre of a ceramic binding substance, Prefer- 
ably, the ceramic binding substance is com- 

10 pc^csKni^^v^&dy pondered ^lica, 
preferably in the km o£ * glass. However, it 
may also contain other oxides or siEcaa car- 
bide, Cwrveifflndy, Ac fcal sintering is 
carried out in ait, m which case a certain mr 

15 ,-aial caditfaa miss place. The ccmnuc 
cmr^anent should tjreBetably n ot exceed 30 

Theanc-cou^es acomhiig to the in 7^*®: 
mar alsQ adrantageacsb be used as bating 
20 reiLre for prodn^ 
. sach a case, A? dement is coapfcd tx> serve 
s7therm*3m^ only for 
Tafaft die thermo-volmgB s measured 

: as an ^^ hj ^^ m SL^L^ 



whereof one portion is of 6 mm diameter and 
acts as glowing zone. On? end of the loop 
is enlarged to 14 mm and is long enough 
to extend out from the furnace aa a cold 
lead-in electrode. The other end_ is welded 
to a 9 mm negative leg which is similarly 
dongaied to act as a cold kad-ia electrode, 




25 .;?&fftfi t^^^^ 

f£ crn^^ wmpfry to tfc osfemr tbrooAa 
tefey. pxefcra^, me welded joint between the 

that it » not srifyrtffd ro.lngKy Cenn^eratnrea 
than those rf tte fcmace »m 

fcltawing example ahistrates * prac- 
tzcal en^otfntentof irbermo^^ 
35 n^totfctoartwa for ose at tfOCP or 

Positive leg: 4% by wel^t SjQ» 

foflewmg conmosition. (Mo^ 

lie metmo-ekctdc effect increased 
y~fa vid». lie trmprmtnre and attuned me 

45 



50 



C- 10 mnUroto 
1000* G 14 - » 
1200'C 19. » 
1400* C 24 » 
1600° C 31 » . 
Bom fcga were 6 mm cylmdncalipas, 
made by esmxsum and antermg* ™ J™* 1 
l£^sfeUce b«t weldmg: The moieoydi- 

55 -S^SdasTtoe wb£h J* do*d at 
lad ^^^pirrcmids the tod^aped poattve 

%ie above d«to5cd o^^ 

used as an etancal heaJmg resisw fiffld 
GO should men have me roUowmg annexions, 
^positive leg is formed a s a hate pin, 

Leannii^on S 
published at' 



As. the alloy fcrjnisg die negative kg has 
about naif as high a specific resistance at 
1600* CL as die alloy forming die positive 
kg, this lead-in electrode remains cool enough 
T/tmout special coaling devices. For the same 
reason, the welded joint atoms the same 
temperature as the furnace room, provided ft 
^disposed at a suitable place in die furnace, 
nWttattmding the feet dat it fe disposed 
adjacent me bat Rowing aone. 
WHAT WB CLAIM K:— _ 
L a ihermd-conpte which 13 cmtaWe tor 
at derated temperatures in criflhdng 
having at least one leg which 
, * tj fy^7m H h 1 <M>J>p ^ molybdetflmi 
afflay having me crystal stmcfine C 

^Jj*- yflf^rwi fffw^ nave Dssxt SUDSnnnao. oy . 
ebnnndtinx atoms* 

2. A thaano-conpte according to C3ahn 1, 
having a porftwe % comajninp the ifeenno- 
eketne <dk^ and a . wsamive leg eom^mmg 

1 or 2, in wmcb ife tbame-elearx: allc? s 
the compost (Mon-^M^ (Siu*«^ 
wherem M is cne or new of the metals Ti» 
Zr, Ta, V, <>, x fa tewaen 02 

end 06 and y h between 0 and 0-5. ' 

4. A daenn^com^e as dafmrd m Oaxm 
3, in which *e aDoy has the mrn p of Wcm 

ST A^rhernSSrmte as claimed in- any 
pneedittg daim, in winch the rh*ftrvv electne 
•Boy is m powder fern amtered in the pce- 

6. A th ermn^ coople as claimed in 
5 3 in which the 
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dun 30% of the material censtto- 

fan^i ^fae leg* *. 

7. A thermo-caople as r^hnrd m C3aim 
5 (tf 6, mwhichihebfadmge^compr^ 
fody^mvided silica. 

8. A thermo-coopfe as claimed m Claim 
7, in which the binding agent » m 



m 
ibed 



9. A t heriw o-C b up le 
1> sabstaatMly as 1 — 



10$ 



no 



115 



POLLAJs MERCER & TBKfC^ 
Chartsied Patent Agents, 
Audrey House* EL? Place, 

London, E,C1 ? 
j AgwitR to the Appli cants , 
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METALLWERK. PLANSEE GESELLSCHAFT M B. EL IN REOTTE (TIROL) 
Hochwarm- mid zuaderfester Wcrkstoff for Heizteiter and Verfahrea 2a (lessen Herstidlung 

AfcgetAddet am 24. August 1931. — Bcginn der Patmtdaucr: 13. Drrrmbcx 1953. 
A2s Ecfiodcr wtrdaa gemma: Dr. pfaiL Rictad Kidfcr in Heu&e (Tbd)> OipL Jug. % tecim. Kamfllo Konop&y 
in Mfflrat (Kfirmco) md Dipt Ing- FdnMch Bcocsovsky in Route (Tirol). 



Wcrkstofie hobc T eaniccainrca , ins- 
besoadere for Hcfoicitsfr werden. b etaaaalcb aas 
bocfas d uu dz eud m MctaHcn, Mcf^dkarbidcn, 
Gnqphit usw. aofgebaat. Wahitnd die hoch- 
* gduaefaenden Metallc und Grophit anr imttr 
Scl i ut z^ otorcdcrieiEndcnArfacm^ 
vtiwendcE werdcnkGonen^kBaniiuu ttt Srozuu&r 
karirid bestebende WHerstaadskBcpex andi an 
Lnft tew* in mydfctcnder AttMwpfcSrc verw e u dc i i ■ 
lo Die Amrcudnog Ton. Scfantzgas eda^ail dea Ha- 
otz dcr obea erwflhmica WiderstandsJdBcper 
dsdurdi eUy daft fpow dnerseis bSnfi^ an ^./^iijVH-. 
riertt ftfi^iT»aMffli'tn|j gebnadea, andcrsette die 
ledaziexeade Q fiaaiaa iosp hSiP fadogawcg ai 
19 crwunscht ftf* HcBdrifla im Rfl fa i n mteirtilrt 
babe* wieder den NyftfHl 3 daB afe aa actpp d B 
dad und im Betrieb den TOfastand tedeou 

Bs ist bcgdis wfefAi^ilafigft. 
fiste Wertetofifi for Hddeto ins hoch- 
MetaTten mit aictaajpcaca and. 
amdetfegten Dccfadnddea 



Zasatze cnthaitcn leans* Von besoadcreia Vorzug 
tat rrich das DxeistpflLj/Mej u MoiybdiorSiIiztum~ so 
Aluminium g c z e Jgt, gcia&B w d c he i n der Hdz- 
leitcr, k. B. 808 MotybcBnsiKsidea und Moiyb- 
cfinalmnfmdieOy oder emer Alxdybdan-sSflhaimw 
mid rinffif Ahnrri rnnm-Sflizmii-lA^ici img oder 
Motybdan (T^dspielsweiie in Form ernes Skdette) 59 
tmd ciner Alnniinunu-SflLaiiiM-J^cgierung oder 

mw m * 1 * + 1 un fl OXJjnh n««fTn Am t- - 



So wnzde Ixfepfaiswejse wi*ui lilj 

M fft y ^t^qgJrffgr flat A l 1 """" lj m ^ ^™ m ^ 

Dedadncten atvaaenftw die dnte h Qgy dafon 
is aacanjgfidi in xiirmMiwt«£iJuifm mcata* uber- 
geSihrt warden. Soifcifff 1 Hdglcmsc liflucft den 
Kidndt daft im Wte emer Verjeteang dec 
Decfadncfat det Hridriicr rascb d m UJUt nuL 
nod socm nnhnwchbac wtcdL Neoctmng» wutde 
30 mdi ^Offlsdd aBep, bd bocbadiPflielxcn&n 
MttaHea Dcdgc&fatcn aos MrfalhfKriden an- 
Dksen HdriHfrrn bflfiet dendfae 



Nacfatril to den t ot ge aa nntea ftn» dag bd Ver- 
tozong dec Sdhntpcbiclit eSae T olttnaa aeae 
35 Z natawn g des gesaattea HeMeiaaoi nkht anf* 

"a^^odi bod» bftomrffj, dafl Molyboan- 
«k»m ^rpAi^^f 2^ xmd $elbfit bdnt GTffhffn xa 
daem Idmafim SaucKtoffitmm bme sidilT i ^c e a 

« Yedmdetaagea aagt. Die Fffindnng beraht auf 
dcr Erioxmtnis, da6 Mciybdamflirid audi bd 
seat hohen Tempaatoxea (aba: 1000 ° Q gp- 
nagend zaadexfest w**^ avdiftaisdi widczstsiidsr- 
Sng 5st» um als Hazlcitcr vec weadbar 2n sda, 

4s Erfindongsgenmfl wird cm hodxwann- und 
zaaderfestcr Wctoff for H flbflftfay fur Lobe 
Tcmpetatacea dntcibgebead sas daer Molybdan- 
SiKzmm-Lcgierttng g rHH^, die aocfa weittte 



Hefadc BifniWff- wfije^ssder 
Ifinaca aaf b^irtu^e Aft and Weise hecgesteSt to 
j5dhy vofap" nad stjaQsear 




Aawtjwlimg von dod^ za & 
Sb kaaa afacr £. S* aadi Cxn fins Jdtibv* 



nut cavx Al a oi da mn^S flfeshi fft-T i ^B WWBS B^* 
t ijf i>Vt" we rde D* 

Dutch Schncbca oder HSsfOpcessea bet* 
• gegfrThnsj palvecxsiertes ALo|yb<PDsibzKl (Mo SSa) 

TOrdlllItyyt ><! ^^ !, '* l> T <, ' > |iV <, *^* y ^ rt lawypft* imrf Hiifrii ^ 

St&ngpressea za StSboi odex Rutun yfuant < 
ypg#t Am Ana danmfca des flastaiaKXongs* 
ntatds werden bd T^apegnaea Yoa 1400 
bus 1600*Cd^PxeflKn^iaememHocafeqaenr- 
TiakutiDiofen ciwa 1^—2 Staadca fijeg^nat (ge- 90 
datsrt). Man rrhfilt anf diese weise Snner* 
kurper mit meauUscaer T^tffihfij fcBli^ vtr- 
bfltnfernafife gatet Festigfeext and tear baacr 
Zna derbc BtSodj^^odt 

Zor Heglrftrmg efaes Wedstofies anf Molyb- ws 
^t^ f^t ^Kf^A ^ and UolybdIiialuni£n2o^Sas2s wad da 

fda pulvejdsusrt nad mit etwn 5% Mofybdan- 
aloada^d vcrse&r» X^2s Gemisdi wird mit dnem 
HastifaiernngsiHiftri vcipieDt 9 dss bci Rot^tut n 
aa5gctckbcn wird. Nodi emer Vozdaterimg bd 
etwa 1100° C wird dec Hdzstab bd dner 
Tcmpcratur voa 1600 * C im direkica Sooxodnxca- 
gaag in Vakaam. rcdmdcrcadcr oder in 
oxydierendcr AtmosphSre fextiggesitttert Vor w 
4gr loberdebaaaaie empaeblt es ddi auf «TV» 
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Fine, den Unzbafst zax Bildung ciner fcst~ 
haftendeo, gasdichtea Zonderschicht fcarzzatig 
in oxydleiefldex AtwosphSre za ahteni, be- 
sanders warn die Hbchrinterung unrcr nicht- 

s oxydicctndfia Bcdingungen staicgefcmden hat 
fficbd hildct sich nach crcomcll gedngtugigen 
Abraucaea von Mdyfedan-Txiazyd cine qnarz- 
gtasarrige Zimdersdiicfal, die castawnHca fcst- 
haftettd mid gasdicbi ist nnd audi bci mehr- 

io hnndertsenndiger Brlntemg auf Tenmetatoisn 
zwisdu* 1350 mid 1600' C keme sdiadh^ 
Osydatian des GtundkEipers rulaflt Es Ram 
angeanmnwi weidea, dafi' anch das ans dem 
Afamtmd simnmeadfc Al nmtnifmtrt Eyd ebensowie 

is nfedcre MofybdanoiydB an der Bfldong dcr test- 
hffftm^" Decfa dAait ttitoefamcau 

Dec Yculdl hocti rT,^^iiimrtgydh^tfeer Decfr 
schkfem von mchr jaoTEt-' oder sfflimanfe. 
Brtfeem Cfaarater geht «s nacfa^gendem 

M ^^^I^^WbdladisiUrid trad 30 TefoMflfob- 
d3nflTumtnid (m*rfShTe ' 
MoAlf) weedfin gernttfet mad. "LI^^"!^^ 
ptessc 2a eincm robftfnrmigen Kftpci verptw; 

Tnngctiaint imd dranf on dnrieto Sttmndni^ 

woo ; c fc^gf*^ J^J^ 

Endea in Botatoa antgeaem ^ be ^«^ 
so sixteen nut dan xohrSnmepa B Pfrrnfrr 

Da & LritflHiigtet des ufinitniw niJifW-n 
Wdfcsm&s gnf S^rMlnmfm^Bqas toYa- 

SrJbP fazv. d^onwandjgc Brfn* Vctwcnmmg 
fmA-rv Jh bt ^fl t fl™ pSagecten, iwll ca 1st es 
awwfcnsefe star BhSmiog des ^f 3 ^? 

dm j^^uii^iinji iifrn . wen- 

« gdiTTiHrnidcr Oxyde ^JS^'^f^Si^ 
dm GxsmdfcficpcnL to^J^^J'X^ 

- hohen Tempestnrcii toendeu 

and nod Ttemiamq* "™s « "ggg 
* i^smeratmm piattisdx niefct ktomden 

Bdspid 6dm diese VafcSfcmsse w«a^' 
^^SugP are «0% Alarybd5iidBri4 



bis 200 kg/cm* ausgeiibt. Die Ediitzung der 
Matrizen kann ira Hochfieqaenzfdd oder duxch 
Widcr^ascchiCTng oat Hilfe dcr Grapktt- 
stfimpel erfblgen, 

Der Erfindoogsgcgenstand ist Modi nichx allcin eo 
atif die Vcrwecidimg von MolTbaan-Legicnmgetx 
besckrankt, Bondcm es kann das MolybdSn 
tdlwdse duxch mmdesteas ein andsres hocbr 
schmelzendes Memll, wie Wolfram, Taatal, Niob 
nsv. oder Coiom exsetzt scin. « 

PATKNTANSPRttCHE: 

1. Hbchwa oPfr ' nnd znnderfester Wericstoff fux 
Hefajcitcr for hobc Tempcrataien, dadmxn * 
actemaadtofl^ da£ ec duuehgehead ans emer 
Molyb<j^ndIiznmt-Ijcgieni^ nnd gcgcbeiieotfelis 
wekaen ZusStzea besteht. ^ ^ w 

2. Wettottff nach Ansprucn^ 1, dadnrci^^- 
hqmzddme^ dafi er ans ew« Molybdfin- 

3. WeifetmT each den Aosprucfaen 1 nnd 2, 
dadntch g^mzeWwet* dafi er ms Molyb- w 

4. Wedtstnff nach den AnsptOchen 1 bis 3, 
dadurch gtemasddmcti dafi et ft^**^^- 
dgo-SBfzhimr nod eincr ATitthii iiiinv$iBzrcttV 

5L Wcsrfcstaff nadi Anspcoch 1. daducchg^n- 
2iiinetib^ef50-«S%,Tom^wd9e fiO— 75% 
tfotyb&n trod 15— 5D%> vumiffl wefefl 2J— ^)% 



6. Vctfettiffaar]i Anspxndi^dadfladit 
yp^mrt', dafi er neben Motybdaa mid Sfliamn 
\~-50% der Ggsamtmenge ATHmhilmu 



so 10% Molybc^iknmiid mid 30% ^no^d 
vied in n tdiP GrnihtTrnfflTTTni xmt «net zyttir 

ss 1400* C dn Wcbwr Dsocfc von etwa 150 



7. Veitenff mveH den Ansprfcfacn 1 bis 6, 
Jadaah g gto n r<rH i nc ^ dafi to Motybfin w 
t^h?else' dmch immtettns etn andexes hoctr 
B&Hdzendes MetaE wie Oman, Tanfiat w» 
odd.Wtffiam esctzt ist 

8. Wafcatf nacrk den Anqj^dw 1 to^J> 
dadntch gjtomzdcbii^ dafi hodschmdzaade » 

jnhdmnmcrf, BerjBmmory4> 

dnpJn ofegnmebrtttamaner Qpamnagy 

bis aa 60%, voJzogBWtfic 25-30%, zngesetzt 

9. Tq&hren jar Fmtfjlnng eines Wetteteflfe 
each dea Anf5«flcbm 1 » ^'^^jftCr 

Safchmx- oder 2i5olybd5n ^tTTTriTiii m^I^erm^ 
gfrmldpTrr SfatotiQcper imt 'dnec Ahmwimitt-ios 
1 — * - - gctcSnkt wircu 
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